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[57] ABSTRACT

An apparatus for focusing ultrasonic waves in a focal
line by an ultrasonic optical system having at least one
rotation-symmetrical, non-spherical acoustical reflec-
tion surface which together with an ultrasonic trans-
ducer element transmits an at least partially conver-
gent ultrasonic field having an annular cross-section.

§ Claims, 3 Drawing Figures
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METHOD OF AND APPARATUS FOR FOCUSING
" ULTRASONIC WAVES IN A FOCAL LINE

- This is a continuation of application Ser.-No. 294,066
filed Oct. 2, 1972, now abandoned. . - - ~
- - BACKGROUND OF THE INVENTION

‘1. Field -of the Invention = . B -
~ This invention relates to an ‘apparatus for focusing
‘ultrasonic waves:in a focal line to obtain good focusing
of the sound field including good lateral resolution over
a considerabie depth. P

2. Description of the Prior Art
Ultrasonic methods are becoming increasingly 1m-

portant in technology and medicine, for example, in
material testing or in medical diagnosis. One known
method is echo sounding, in which a sound head emits
an . ultrasonic pulse and the pulse reflected from an
obstacle is received by a different sound head or the
same sound head. The distance between the transmit-
ter/receiver and a reflecting object can be determined
from the time elapsing before the echo is received.
A measure of the accuracy of an echo-sounding
method is the longitudinal resolution, i.e. in the direc-
tion of the sound waves, and the lateral resolution, 1.e.
at right angles to the longitudinal direction. When an
ordinary conventional transducer is used, a relatively
good longitudinal resolution can be obtained, but the
lateral resolution is inadequate because of the rela-
tively large diameter of the ultrasonic beam. If the
diameter of the sound head is reduced, the beam has a
wide divergence owing to diffraction phenomena. An
improvement ‘can be obtained by weakly focusing the
beam so that its diameter becomes a minimum at the
center of the object under observation. The minimum
diameter must not be made too small, however, since
othérwise the beam divergence again becomes 100
large. Typically, a beam diameter of 1-2 cm is obtained
if a frequency of 2 MHz is to be used for observation
over a depth of 20 cm. | | )

A much better lateral resolution can be obtained if
the ultrasonic beam is focused with a wide-aperture

system. The lateral resolution may be in the order of -

‘magnitude of the wavelength, i.e. about 0.75 mm in the
case of 2 MHz. This good lateral resolution is obtained,
however, over only a very small depth, i.e. also approxi-
mately one wavelength.

It will therefore be clear that the disadvantage of the
prior-art-echo-sounding methods 1s due to the fact that
an improvement in lateral resolution is always accom-
panied by a reduction of the depth over which it can be
obtained.

SUMMARY OF THE INVENTION

The object of the present invention is to obtain good
focusing of the sound field and hence good lateral reso-
lution over a considerable depth. A sound field which 1s
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A sound field of this type can also be produced with
an annular transmitter transducer, the receiver trans-
ducer advantageously also being annular and, if re-
quired, the transmitter transducer is also used for re-
ception. -

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows an ultrasonic head comprising an opti- .
cal system containing a non-spherical mirror.

FIG. 2 shows an arrangement with a hollow cylinder
as optical system diagrammatically; and, .

FIG. 3 is a section of an annular ultrasonic transducer
having a conical radiation surface.

DESCRIPTION OF THE PREFERRED
- 'EMBODIMENT

The ultrasonic head illustrated in FIG. I comprises a
commercially available ultrasonic transducer 1, which
is 'disposed in a substantially cylindrical housing 2. In
the present case, the diameter of the transducer com-
prising a piezoelectric crystal, is about 20 mm. The
transducer 1 is retained by a screw cap 3 and a shoulder
4 on the inner wall of the housing, the screw cap to
enable the transducer 1 to be readily removed when

desired. On the side remote from the screw cap 3, the

housing is closed by an ultrasonic condenser S consist-
ing of a material suitable for ultrasonic lenses, in this
case acrylic glass. The transducer 1 is so disposed that
in its fixed position it is directly coupled to the con-
denser 5 by a layer 6 of an ultrasonic coupling agent,
for example, silicone grease. '

' On the same side, the housing 2 is connected to a
substantially circular support plate 7 by a screwthread

‘provided on the outer wall of the housing.

~ The support plate 7 has a diameter of about 135 mm
and has a continuous projection 8 at a distance of about
7 mm from its periphery. The projection 8 acts as a
mounting element for an ultrasonic mirror 9, which 1s
retained by a ring 10 connected to ‘the support plate by
screw .connection. The ultrasonic mirror 9 is con-
structed as a concave mirror and has a non-spherical
mirror surface which is symmetrical with respect to
rotation about one axis. In the present case, the mirror
surface has a shape formed from the combination of a
conical surface and a spherical surface. The mirror 9

~ consists of a suitable material which reflects ultra-
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at least partly convergent and which has an annular

cross-section is produced preferably with an ultrasonic

optical system comprising at least one rotation-sym-
metrical, non-spherical reflection or refraction surface.
Examples of rotation-symmetrical, non-spherical sur-
faces are conical or cylindrical surfaces or combina-
tions thercof with spherical surfaces. Since acoustic
lenses are usually highly reflecting or absorbent, it 1S
advantageous to use reflecting surfaces, 1.e. acoustic
MITTors. |
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sound, for example, brass. Another ultrasonic’ mirror
11 is disposed at a distance of about 75 mm from the
crystal of the transducer 1 and has substantially the
same diameter as the crystal and a spherical surface. It
has a cylindrical rearward projection 12 by means of
which it is secured in a retaining ring 13 by means of a
set-screw 14. The retaining ring 13 is connected to the
ring 10 by brackets 15. The mirror 11 also consists of
brass, while the other fixing parts and the transducer
casing are made, for example, from aluminium.

In operation, a sound pulse emitted by the transducer
1 is focussed by the condenser 5, expanded by the
spherical mirror 11 and then re-focused by the mirror
9. The non-spherical shape of the mirror 9 results in a
focal line instead of a focal point. The ultrasonic energy
reflected by an annular zone of the mirror 9 is focused
at a point of the focal line, i.e., an annular aperture of

‘the optical system corresponds to each point of the

focal line. This type of focusing in a focal line gives a
narrow bunching over the entire length of this focal line
and hence the possibility of good lateral resolution over
a considerable depth.
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3
ALTERNATE EMBODIMENTS

Numerous other embodiments are possible apart
from the embodiment of the invention described. For
example, modifications are possible by changing the
path of the rays from the ultrasonic transducer to the
mirror 9. Another possibility is to make the mirror 9
spherical and the mirror 11 non-spherical, or make
both mirrors 11 and 9 non-spherical. The non-spherical
mirror may alternatively be replaced by an acoustic
lens having a non-spherical refraction surface.

Apart from these modifications of the arrangement
shown 1n FIG. 1, embodiments differing considerably
from these are also possible. FIG. 2 shows a hollow
cylinder 16 as an ultrasonic mirror with which it is also
possible to obtain focusing in a focal line. An ultrasonic
transducer 17 1s disposed coaxially of the hollow cylin-
der 16 and advantageously has a diverging lens 18. The
ultrasonic rays 19 emitted by the transducer are re-
flected on the inner wall of the hollow cylinder 16. All
the ultrasonic rays reflected from an inner peripheral
circle intersect at a point along the cylinder axis.

The annular transducer shown in FIG. 3 represents

another possibility of producing a rotation-symmetrical -

and convergent sonic field. This transducer comprises
an annular housing 21 of substantially U-shaped cross-
section, the axis of symmetry of the cross-sectional
surface being inclined to the ring axis and intersecting
the same at a given distance, for example 12 cm. The
open side of the U-shaped cross-section faces this point
of intersection and hence the ring axis. An annular
damping block 24 of epoxy resin/tungsten, which is
acoustically insulated from the housing by cork panels
22, 1s situated in the annular recess of the housing. On
the surface of the damping block 24 facing the open
side of the housing there are disposed a plurality of (in
this case four) flat segments 23 of a piezoelectric mate-
rial, which together form a ring, and which are covered
by a layer 25 of epoxy resin suitable for resistance to
water. The layer 25 also provides mechanical protec-
tion for the piezoelectric oscillator formed by the seg-
ments 23. An electrical lead 26 runs to each of the
segments from the back through suttable bores in the
housing 21 and in the damping block 24.

The ultrasonic waves emitted by the piezoelectric
oscillator form an annular bunch which focuses in a
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focal line on the ring axis at a certain distance from the
ultrasonic transducer. The length of the focal line de-
termines the depth over which good lateral resolution is
obtained. The length of the focal line and its distance
from the ultrasonic transducer must therefore be so
selected that the object to be observed is illuminated
over the entire depth. The distance of the focal line
from the ultrasonic transducer is determined substan-
tially by the inclination of the piezoelectric oscillator
23 to the ring axis. The length of the focal line is deter-
mined particularly by the width of the annular piezo-
electric oscillator.

[t 1s advantageous for the ultrasonic transducer unit
containing the transmitter transducer to have a wide
aperture of, for example more than 6°. The term *“aper-
ture” denotes the ratio of the mean ring diameter to the
mean distance of the focal line from the ring. As shown
in FIG. 3, the annulus diameter of the transducer unit .
or assembly is greater than the front-to-back cross-sec-
tional dimensions of the assembly itself.

We claim:

1. A transducer assembly for transmitting a substan-
tially convergent ultrasonic field focusing in a focal
line, comprising an annular arrangement of ultrasonic
transducers, the operating surfaces of which define a
conical transmitting surface inclined towards said focal
line. | |

2. Apparatus according to claim 1 wherein the annu-
lar transducer arrangement is composed of a plurality

of sectors of an annulus. |
3. Apparatus according to claim 1 wherein said trans-
ducer assembly further includes an annular base of

substantially U-shaped cross-section which defines an
annular recess opening 1n the direction of the focal line
and wherein said annular transducer arrangement is
composed of a plurality of transducer sectors arranged
in said recess, each of which sectors has the transmit-
ting surface thereof inclined towards the axis of said
annular transducer assembly.
4. Apparatus according to claim 3 wherein said annu-
lar transducer arrangement includes ultrasonic trans-
ducer receiving means. | |

S. Apparatus according to claim 1 wherein the aper-
ture of the annular transducer assembly is greater than
6°. |
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